cial bone into her right femur to treat pathological fractures. At this time, she was diagnosed with angiomatosis of the bone. At age 11, she developed lymphorrhea of unknown etiology from the right thigh. At age 13, she was diagnosed with GSD based on a review of previous clinical, radiological, and histological findings. At age 15 she developed orthostatic headache; however, brain MRI showed no abnormalities. She was treated with medical therapy with interferon at another hospital. Lymphorrhea from the thigh was managed conservatively, but persisted until the age of 20.
FIG. 1. A-C:
Radioisotope cisterno-scintigraphy showed high uptake in the right thigh before an EBP (A, asterisk), low uptake after EBP (B), and no uptake after the arrest of lymphorrhea from the thigh (C). D-F: Sagittal T2-weighted MRI demonstrated tonsillar herniation and syringomyelia before an EBP (D, asterisk), a decrease in syringomyelia after the EBP (E), and the disappearance of syringomyelia after the arrest of lymphorrhea from the thigh (F).
Intracranial Hypotension
At age 19, she presented to the Sanno Hospital and was reevaluated because of persistent headache and motor weakness in bilateral grip strength and the left leg. Brain and cervical MRI revealed tonsillar herniation and syringomyelia. Because the headache had a postural component, intracranial hypotension was suspected. Lumbar puncture showed a low opening pressure of 5 cm H 2 O. Radioisotope cisterno-scintigraphy revealed a CSF leak from the right thigh (Fig. 1) . Epidural blood patches (EBPs) were performed at the lumbar level and attenuated the CSF leak. Tonsillar herniation and syringomyelia decreased after EBPs and her motor weakness gradually recovered. She was treated with medical therapy with sirolimus at an outside hospital for 11 months. At age 20, an additional EBP was considered because follow-up MRI showed the recurrence of tonsillar herniation and syringomyelia, but was not performed because she developed a pathological fracture in the iliac bone. The fracture was treated conservatively, but it resulted in a massive abscess that required surgical debridement and antibiotics at another hospital (Fig. 2) . Our patient complained of a severe headache during treatment of the pelvic abscess. The headache was not associated with the patient's head position. Her headache gradually improved after drainage of the pelvic abscess and antibiotic treatment. Lymphorrhea from the thigh completely stopped after the treatment of the abscess.
Intracranial Hypertension
At age 21, 2 months after treatment of her iliac bone, the patient presented to the Tokyo Metropolitan Neurological Hospital with severe nonpostural headache and progressive visual acuity loss. Visual acuity loss was predominantly in the right eye and recorded by counting fingers. Bilateral abducens nerve palsy was also observed. Brain MRI showed the absence of tonsillar herniation and syringomyelia. Optic papilledema was observed in both eyes, indicating intracranial hypertension. Lumbar puncture showed a very high opening pressure of 50 cm H 2 O. After lumbar drainage of the CSF, her headache improved and the worsening of visual acuity stopped. Radioisotope cisterno-scintigraphy revealed the complete arrest of the CSF leak from the right thigh. Medication with diuretics and acetazolamide reduced the amount of CSF draining from the lumbar level; however, headache recurred after removal of the lumbar drain. Because medical treatments did not control intracranial hypertension, a ventriculoperitoneal shunt was placed with a pressure of 17 cm H 2 O. Severe headache improved, optic papilledema decreased, and abducens nerve palsy disappeared after shunt surgery. Although mild headache persisted, intracranial hypotension or hypertension did not recur in the 1-year follow-up period.
Discussion
In the present case, we noted the following three points: 1) a CSF leak may develop not only from the osteolytic skull or spinal bone, but also from the osteolytic femur in patients with GSD; 2) the chronic low-grade CSF leak may lead to acquired CM; and 3) arrest of the CSF leak may resolve the CM.
Our literature search found only 13 patients with GSD who presented with abnormalities in CSF and intracranial pressure ( Table 1) . [1] [2] [3] 5, [7] [8] [9] 11, 12, [14] [15] [16] 18 In most patients, a CSF leak was identified from the osteolytic skull base bone. There has been no case report of a patient with GSD complicated by a CSF leak from the thigh. The exact cause of a CSF fistula that extends from the spinal canal to the thigh is unknown; however, we proposed a possible mechanism as follows. Animal studies of the spinal CSF outflow demonstrated that the tracer moved from the spinal arachnoid space into the adjacent lymphatic system in the region of the spinal nerve roots. 4, 17 In our case of GSD, abnormal lymphatic vessels initially proliferated in the region of the pelvis and the femur. Next, communication developed between the spinal CSF cavity and the abnormal lymphatic vessels in the pelvis through the lumbosacral spinal nerve roots; after that, the CSF leakage occurred through the abnormal lymphatic vessels in the pelvis and femur. The results of radioisotope cisterno-scintigraphy clearly showed a relationship between the lymphorrhea from the thigh and the CSF leak ( Fig. 1) : high uptake in the right thigh indicated a direct CSF leak from the spinal canal into the thigh through the pelvis and femur.
The association between the CSF leak and CM can be explained as follows. GSD led to the development of the chronic low-grade CSF leak as described above; the CSF leak led to brain sag, including downward displacement of the brainstem and cerebellar tonsils, acquired CM developed, and CM led to the development of syringomyelia. After an EBP, the CSF leak resolved, the CM resolved, and the syringomyelia disappeared. Cases of GSD presenting with a CSF leak and CM have been previously reported, but reversible CM has never been reported. 2, 3, 7, 9 In the previous reports, patients underwent suboccipital decompression and duraplasty; however, we propose sealing of the CSF leak rather than suboccipital decompression for acquired CM resulting from a CSF leak.
Our case showed one more specific point. Among the 13 reported patients with an abnormality in the CSF in the literature, 4 showed increased intracranial pressure. Peragallo et al. reported rebound intracranial hypertension (56 cm H 2 O) after the treatment of a CSF leak from the temporal bone in a patient with GSD. 16 The case initially presented with intracranial hypotension and meningitis that occurred from a CSF leak. After the treatment of meningitis, the case developed intracranial hypertension. In our case, intracranial hypotension (5 cm H 2 O) was followed by hypertension (50 cm H 2 O) after the treatment of the pelvic abscess. The pelvic abscess may have affected the development of intracranial hypertension because it may have led to meningitis through the abnormal communication between the spinal canal and the lymphatic vessels in the pelvis. Because a lumbar puncture was not performed at another hospital it is not clear whether our patient had meningitis. Medical and surgical treatments for abscess in the pelvic fracture may also have affected the arrest of lymphorrhea from the thigh. A ventriculoperitoneal shunt may be the treatment of choice for these cases of intracranial hypertension.
